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Question 1 [40 marks] 
 
(a) The differential amplifier shown in Figure 1 has a pair of pnp bipolars as input devices and a 

pair of npn bipolars connected as an active load.  The circuit bias is IQ = 0.15 mA, and the 
transistor parameters are β = 100, and VA = 100 V. 

 
(i) Draw the active load circuit to complete the circuit in Figure 1.   [6 marks] 

 
(ii) Find the open-circuit differential-mode voltage gain, Ad.   [8 marks] 

 
(iii) Calculate the value of a load resistance RL connected to the output vO if the differential-

mode voltage gain Ad is to be reduced to 524 V/V.   [6 marks] 
 

 

 
Figure 1 

 
 
 
Answer for Question 1(a) 
 
 
 
 
 

 
 

Answer for Question 1(a)(i) 
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Answer for Question 1(a) 
 

Q1(a)(i) 
 

 
3 marks: correct label 
3 marks: correct placement 
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(b) For the differential amplifier with cascode active load in Figure 2 it is given that the circuit 
parameters are: V+ = 3 V, V− = −3 V, and IQ = 1 mA. NMOS transistor parameters are: VTN = 
0.7 V, k’n = 130 µA/V2, (W/L)n = 100 and λn = 0.1 V-1; and the PMOS transistor parameters 
are: VTP = -0.8 V, k’p = 35 µA/V2, (W/L)p = 200 and λp = 0.2 V-1. 

 
(i) Find the differential gain Ad.       [8 marks] 

 
(ii) It is given that the common-mode gain, Acm for the circuit is -0.002. Calculate the 

common-mode rejection ratio, CMRR in dB.    [4 marks] 
 

(iii) It is given that the voltage across the constant current source IQ, VIQ = 0.6 V.  Figure 2 
shows where the VIQ is. Calculate the maximum and minimum output voltage vo. State 
any assumptions. 

[8 marks] 
 

Answer for Question 1(b) 

 
 

Figure 2 
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Answer for Question 1(b) 
 
Q1(b)(i) 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q1(b) (ii) 
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Q1(b)(iii) 
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Question 2 [30 marks] 
 
The circuit in Figure 3 shows a simple multi-stage BJT op-amp, consisting of three different 
stages. It is given that for all transistors: β = 100, ro = 500 kΩ, gm = 5 mA/V, and rπ = 3 kΩ. 
 

 
Figure 3 

 
 
(a) It is also given that R3 = 250 Ω and R4 = 10 kΩ. For Q7, the Early voltage VA is assumed to 

be infinite.  Calculate the small signal input impedance at the collector of Q7, i.e. RL7 as 
indicated in the Figure 3.        [12 marks] 

 
(b) Calculate the small-signal voltage gain of the gain stage, A2 = VO3/VO2. Given that:  
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          [10 marks] 
 

(c) Determine the output resistance of the amplifier, Ro. 
          [8 marks] 
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Answer for Question 2 
 
Q2(a) 
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Question 3 [30 marks] 
 
A class-A emitter follower biased with a constant current source is shown in Figure 4.  Assume 
circuit parameters of V+ = 12 V, V− = −12 V, and RL = 50 Ω.  The transistor parameters are β = 40, 
VBE (on) = 0.7 V, and vCE (sat) = 0.7 V.  The minimum current in Q1 is to be iE1 (min) = 20 mA. 

(a) Determine the value of R that will produce the maximum possible output voltage swing. What 
is the value of IQ?          [12 marks] 
 

(b) For output voltage vO = 0, find the power dissipated in the transistor Q1 and the power 
dissipated in the transistor Q2.       [6 marks] 

 
(c) Determine the power conversion efficiency (η) for a symmetrical sine-wave output voltage 

with a peak value of 10 V.       [12 marks] 
 

 
Answer for Question 3 

 
Figure 4 

 
 



EEEB273 – Test 2 

Page 10 
 

Answer for Question 3 
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BASIC FORMULA FOR TRANSISTOR 
 

BJT      MOSFET 
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